The saltwater crocodile is the largest of all living reptiles. It is also known and proved that it has the largest biting forces. The magnitude of the biting force exerted by the jaw leads to thoughts about the anatomical structure and construction of the jaw joint in this reptile. Thirteen skulls of the saltwater crocodile (C. porosus) were used for this study. Some skulls were used for X-raying and morphology, and the others for histological slides which were prepared from the articular cartilages, capsule and collateral ligaments. The quadrate/articular joint (jaw joint) was diarthroidal, formed by two articular surfaces, which were fibrocartilage in nature at the periphery of the articular surface, hyaline in the rest of the articular surface, and ossifies on reaching the underlying bone.
Abstract
The saltwater crocodile is the largest of all living reptiles. It is also known and proved that it has the largest biting forces. The magnitude of the biting force exerted by the jaw leads to thoughts about the anatomical structure and construction of the jaw joint in this reptile. Thirteen skulls of the saltwater crocodile (C. porosus) were used for this study. Some skulls were used for X-raying and morphology, and the others for histological slides which were prepared from the articular cartilages, capsule and collateral ligaments. The quadrate/articular joint (jaw joint) was diarthroidal, formed by two articular surfaces, which were fibrocartilage in nature at the periphery of the articular surface, hyaline in the rest of the articular surface, and ossifies on reaching the underlying bone.
The thick lateral and thin medial collateral ligaments were formed of collagenous fibers. An articular disc was missing in the crocodile quadrate/articular joint. The joint was surrounded by a complex massive group of muscles responsible for the firm closure and opening of the mouth. The results were supported by 10 images and 4 tables, and were discussed with other amphibians, domestic animals and man when needed.
Introduction
The saltwater crocodile, also known as the Estuarine or IndoPacific crocodile, is the largest of all living reptiles. It is known and it has been proven that it has the strongest biting forces.
Comparison of Alligator mississippiensis biting forces with some of the large known values in the literature for other gnathostomes (measured using bite bars and theoretical measures employing various modeling techniques) (Snodgrass and Gilbert, 1967; Dechow and Carlson, 1983; Thomson and Holm, 1992; Binder and Van Valkenburgh, 2000) suggests that crocodile bite forces are the highest known for any living taxon (Tables 1, 2 ). Singha (2013) also mentioned that certain bite tests in laboratory settings conducted by experts have confirmed the saltwater crocodile as the ultimate chomper of the wild; the reptile can shut its jaw with an unbelievable force of 3.700 pounds per square inch (PSI). Erickson (2012) also measured the saltwater crocodile's bite power at 3,700 psi (16.460 newtons). He added that by contrast, Hyenas, lions and tigers generate around 100 psi (4.450 newton).
Animals, which must exert powerful bite forces, such as crocodiles, often have rigid skulls with little or no kinesis for maximum strength (Iordansky, 1964) . This author added that most reptile skulls are dikinetic, having both meta-and meso-kinetic joints. The mandibulo-quadrate joint also articulates with the (palatine-pterygoid) bar, which, then connects to the maxilla, so that when the quadrate is pulled towards the skull by the muscles the bar pushes on the base of the maxilla and causes the upper jaw to open. This magnitude of the biting force exerted by the jaw is the reason for our investigation of the anatomical structure and construction of this jaw in this reptile.
The temporomandibular joint (TMJ), also known as jaw joint or mandibular joint in mammals, is an ellipsoid variety of synovial joint, paired right and left to form a bicondylar articulation (Williams et al, 1999) .
Herring (2003) mentioned three interesting facts about the TMJ. Jaw joint of the saltwater Australian crocodile Saber and Hassanin Its constituent bones, the mandible and the squamous temporal, are intramembranous in origin. Thus, the tissue that covers each articulating surfaces is a secondary cartilage with a fibrous coat, derived from the periosteum. Another feature is the disc, which even when incomplete, is associated with the lateral pterygoid muscle (Sprinz, 1965) . This arrangement has led some authors to speculate that it arose as a tendon, which became pinched, by the new joint (Du Brul, 1964) . The third feature of the TMJ is its role in growth: i.e. the secondary condylar cartilage is a major growth site in addition to being an articular covering.
Among the great number of papers published on crocodiles and alligators and their relatives, only two very old manuscripts were found which dealt with the anatomy of the crocodile's quadrate/articular joint (Parsons, 1900) and the cranial musculature (Edgeworth, 1935) . Hence, the aim of this study is to explore the nature and give more morphometric measurements and morphological description of this joint in the saltwater crocodile.
Material and Methods
Ten saltwater crocodile heads (Crocodylus porosus) donated by a crocodile farm in Cairns, Queensland, Australia, as well as four skulls bought at the Kotter Market, Townsville, and one skull kept in the anatomy museum in the School of Veterinary and Biomedical Sciences, JCU, Townville, were used in this study. One crocodile head was used for x-raying; two heads were cut sagittaly for x-raying and jaw muscle study. The other 7 heads were dissected from both sides to study the jaw joint (its ligaments, joint capsule, articular surfaces) as well as the muscles surrounding the joint and acting on it. Small pieces from the articular surface, joint capsule and collateral ligaments were processed with routine histological methods, cut with the microtome (5 µm thick) and stained with H&E, Periodic acid Schiff (PAS) and Masson's trichrome stains, and finally photographed with an Olympus microscope equipped with a camera (Imaging, Micro Publisher 5.0 RTV).
The skulls were prepared using the boiling maceration technique for skeleton preparation described by Simoens et al., (1994) In two cases (smaller skulls) out of ten, the articular cartilage was found loosely attached to the articular bone of the mandible in the first case, and in the other case only the lateral part was loose and its medial facet was attaching the bone (Fig 2/B ).
An articular disc like found in the majority of the mammalian and reptilian jaw joints could not be observed in the jaw joint of the crocodiles of this study.
(ii) Cranial component
The articular surface of the quadrate bone was formed of a transversely oriented oval surface (1.7-2.5 cm in length), which was constricted in its middle leaving a larger lateral condyle and medial smaller one (Fig. 3 ).
(iii) Histological structure of the articular surface Microscopic examination of the articular surface of the condyles illustrated that it is formed of an outer fibrous tangential layer; middle hyaline cartilage layer and deep calcified layer terminate in the bone of the mandible Jaw joint of the saltwater Australian crocodile Saber and Hassanin (Figs 4/A & 6/B). The tangential layer is the superficial layer of the articular surface, similar to the perichondrium of other cartilages; it is formed of small, flattened chondrocytes and collagen fibers that run parallel to the articular surface (Fig 4) . The collagen fibers stained deep blue while the cartilage matrix was light blue with Masson's trichrome (Fig 6/A) . The hyaline cartilage formed from chondrocytes inside lacunae either singly or in groups ( 
Articular capsule (fibrous & synovial)
The articular capsule was a tight sleeve investing the mandibular joint completely. It is attached at the margins of the articular surface of both the quadrate and articular bones. The capsule is capacious enough to permit easy movement of the joint (Fig  7) .
Articular ligaments
Two collateral ligaments were found to tightly bind the joint surfaces together. The lateral collateral ligament is thick, 20 mm long and 7 mm wide, covering nearly the whole lateral side surface of the joint. Microscopically, it was formed of dense regular connective tissue formed of collagen bundles and fibrocytes run parallel with axis of the collagen fibers as shown in (Fig 5/B) . The medial collateral ligament was thinner and shorter than the lateral one, measuring 13 mm long and 3 mm wide. It was attached at the middle of the medial surface of the joint (Fig 7) .
Surrounding muscles
The quadrate/articular joint was supported by a powerful muscular mass encircling it and helping its action of opening and closing firmly the mouth. The muscles mostly arose from the lateral wall of the braincase, to end in the mandible (Figs 9,10). These muscles namely are: a) M. adductor mandibularis externus superficialis, In man, the adult mandibular condyle varies considerably in form from that found in the young child. In the former, the neck is thin and elongated and is readily fractured (Patnaik, 2000) . In the infant the condyle is short and stubby having a copious blood supply (Blackwood, 1965) .
Absence of the articular disc in the crocodilian jaw joint of this study may be interpreted to the very close and firm adaptation of both articular surfaces forming the joint to each other, preventing any possibility to a lateral movement. and Metachirus (rat-tailed opossum). The disc ensures frictionreduced sliding, damping and diversion of peak load (Mc Donald (1989) . A reduction in disc thickness increases strain (Nickel and Mc Lachlan, 1994) . Herring et al., (2002) mentioned that the pig TMJ is better supported than that of humans laterally and medially, but more vulnerable caudally. The caudal attachment area of the intraarticular disc is fibro-fatty rather than vascular, as human.
The articular cartilages of the crocodile jaw joint were of both fibrocartilaginous nature at the articular surface and merged into the hyaline nature then calcified transit zone at the attachment of the underling bone. Samuelson (2007) mentioned that fibrocartilage is found at intervertebral discs and certain ligamentous and tendinous attachments to bones and menisci of stifle joints. He added that the fibers bundles often assume a herringbone pattern as individual bundles crisscross each other in an interwoven V shape. Fibrocartilage is often associated with both dense connective tissue and hyaline cartilage, typically merging imperceptibly with them. The same author confirmed that the matrix of the fibrocartilage is basically similar to that of the hyaline cartilage, and the chondrocytes are aligned in rows, much like fibrocytes within tendons and ligaments. Kerr (2009) Bite force (N) Jaw joint of the saltwater Australian crocodile Saber and Hassanin showing: 1 articular bone, 2 quadrate bone, 3 retro-articular process 4 angular bone, 5 external mandibular fenestra, 6 dentary, 7 cranio-quadrate passage. Arrow indicates the quadrate/articular joint,.
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